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Abstract: Disruption in routine may be related to experiencing negative emotional states and to
aggressive behaviors in individuals with Autism Spectrum Disorder (ASD). The lockdown because of
COVID-19 contributed to the disruption of individuals’ routines, including the sleep–wake cycle. The
current study tested a relationship between the adherence to the sleep–wake routine and aggressive
behaviors via the mediation role of negative emotional states (i.e., anxiety and anger). Forty-three
parents of adults with ASD completed a web-based questionnaire about their life condition during
the first lockdown (April–May 2020). Preliminary analyses showed a worsening in the adults’
aggressive behaviors during the lockdown in comparison to before it (Z = −3.130; p = 0.002). In the
mediation models, the relationship between the adherence to the sleep–wake routines and aggressive
behaviors was significant. The models showed the hypothesized mediated relationships among
the adherence to the sleep–wake routines, negative emotional states, and aggressive behaviors
(Model 1: F (1, 41) = 10.478, p < 0.001; Model 2: F(1, 41) = 9.826, p = 0.003). The findings confirmed
the potential protective role of the adherence to the sleep–wake routines for the emotional and
behavioral adjustment of adults with autism. Theoretical and practical contributions of the study
were discussed; indeed, our results may inform parent-coaching as well as intervention programs
for individuals with ASD given that adequate sleep hygiene may contribute to improvements in
internalizing/externalizing behaviors.

Keywords: COVID-19; autism; adult; sleep–wake routines; aggressive behaviors; emotional states;
mediation

1. Background

Since the COVID-19 pandemic was declared in January 2020 [1], among all countries,
Italy has been one of the most affected. To reduce the spread of the infection, several
public health measures were imposed. During the first COVID-19 wave in 2020, mobility
was allowed only for primary needs (i.e., food and urgent health requirements) for about
three months. Schools and universities as well as recreational and sport centers remained
closed for several months. Health care services not directly related to the COVID-19
emergency management were suspended. As a sequela of these extraordinary conditions,
a set of psychological detrimental outcomes have been identified in a vast majority of the
population. In the general population, high levels of uncertainty [2] contributed to high
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levels of anxiety, depression, worry, and fear of contagiousness [3,4]. Moreover, some
accounts suggest that the lockdowns contributed to the onset of several psychopathological
symptoms and emotional distress [5–7]. Regarding psychiatric populations, the systematic
review by Vindegaard and Benros [4] found that, in general, the clinical conditions and
symptoms of individuals worsened during the lockdowns imposed by the COVID-19
sanitary emergency. Nevertheless, this systematic review also highlighted that only a few
studies evaluated the impact of the COVID-19 outbreak on vulnerable populations with
preexisting disabilities. Therefore, further research is needed to evaluate the impact of
COVID-19 on fragile populations including individuals with autism spectrum disorder
(ASD). The present study aimed to evaluate the impact of daily routine disruption on the
wellbeing of adult individuals with ASD. Specifically, the study contributions were twofold:
on one hand, our investigation could extend the knowledge regarding the effect that the
lockdown due to COVID-19 had had on these vulnerable families, as well as the pivotal role
of routine management; on the other hand, our results could provide knowledge, which
could inform interventions aimed at supporting families with sons/daughters with ASD
during stressful conditions.

1.1. ASD and the Disruption of Routines

According to the DSM-5 [8], one of the main symptoms of ASD’s restricted and
repetitive patterns of behaviors include inflexible adherence to routines, which may lead
to severe difficulties in adapting to new situations. When the routines of individuals with
ASD are disrupted (e.g., therapy-, school-, or sleep–wake related routines), the severity of
social and communication deficits and the intensity of repetitive and restricted behaviors
may be exacerbated in individuals with ASD. Moreover, routine disruption may lead
to the upsurge or worsening of aggressive behaviors in this population [9,10]. Routine
disturbance in individuals with ASD has been related to instability and increased fragility
in their family environment [11] Therefore, families need support when their members
with ASD experience worsening symptoms due to routine disruption.

Among the routines adhered to by individuals with ASD, the sleep–wake one is piv-
otal for daily functioning in terms of cognitive and social functioning and attention [12–14].
Disruption in sleep–wake routines may significantly and negatively affect the severity of
the core ASD severity [15–19]. Furthermore, sleep–wake routines’ disruption has been
related to emotional and problem behaviors. Research showed that sleep disturbance may
be related mood variability [20], as well as problem behaviors including aggression and dis-
ruptive behaviors [21–23]. To date, there is little empirical research [24,25] examining how
sleep–wake routines are related to individuals’ emotional states and aggressive behaviors.

1.2. The Interplay between Sleep–Wake Routines, Aggressive Behaviors, and Emotional States

Individuals with ASD are at high risk of presenting aggressive behaviors [26–28].
Among the factors that could affect these maladaptive behaviors, disturbed sleep–wake
routines may play a major role [16,29–31]. The comprehensive theoretical framework by
Hollway and Aman [20] suggested a bidirectional causality relationship between exter-
nalizing behaviors and sleep problems; that is, an aggressive behavior and the related
emotional dysregulation led individuals to have difficulty maintaining the sleep–wake
cycle, and the disrupted sleep–wake routine led the individuals to externalize aggressive
behaviors toward themselves and others. As noted by Cohen and colleagues’ [10], the
relationship between sleep–wake routines and aggressive behaviors has received little
empirical attention. Furthermore, except for Matson and colleagues’ [29] study, to date,
no one has focused attention on adults with ASD. These authors found that adults with
ASD who exhibited moderate to severe sleep disturbance engaged in more aggressive
behaviors (e.g., kicking, banging or throwing objects, and yelling at others) in comparison
to those with mild sleep problems. Based on this previous evidence, we formulated our
first hypothesis:
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Hypothesis 1 (H1). We expected to find a negatively increased aggressive behavior in individuals
with low adherence to sleep–wake routines. In other words, a lower adherence to the sleep–wake
routines would be rated to higher levels of aggressive behaviors (HP1).

In addition, disturbed sleep–wake routines have been related to individuals’ negative
emotional states [32]. In particular, some evidence [33,34] has highlighted that disturbed
sleep–wake routines provoked anxiety, anger, and irritability. Moreover, negative emotional
states are associated with aggressive behaviors [35]. In terms of this aspect, we formulated
our second hypothesis:

Hypothesis 2 (H2). We expected to find a negative impact of the lack of adherence to the sleep–
wake routines on the emotional states of adults with ASD. In other words, a lower adherence to the
sleep–wake routines would be related to higher levels of anxiety and anger (HP2).

Both these two negative emotional states were found [36–38] to be expressed by
individuals with ASD as externalizing, i.e., aggressive behavior, toward themselves or
others. Based on this evidence, we formulated our third hypothesis:

Hypothesis 3 (H3). We expected to find a positive relationship between negative emotional states
(anxiety and anger) and aggressive behaviors in adults with ASD. In other words, higher negative
emotional states lead to higher levels of aggressive behaviors (HP3).

Although the abovementioned studies are valuable, they considered only children
or adolescents with ASD, and they did not analyze the interplay between the considered
variables. Therefore, the present research intended to address this gap in the literature
testing the mediation effect of the emotional states on the relationship between sleep–wake
routines and aggressive behaviors.

2. Method
2.1. Design and Procedure

Data were collected during the first mandatory lockdown due to COVID-19 in Italy
(April–May 2020). An online survey was implemented using Qualtrics XM software and
disseminated via the main social media platforms (i.e., WhatsApp, Facebook) via the
snowball method. The predefined inclusion criteria were: (1) having a son/daughter with
an ASD diagnosis aged over 18 years and (2) the parental ability to read and understand
the Italian language. The exclusion criterion was the presence of any preexisting medical
condition for the parents who completed the survey. The questions were previously
tested on the general population [5,6] and on parents of a child with ASD [39]. The
University Ethical Committee approved the research (No. 53162; April 2020), and the
study was conducted in accordance with the guidelines of the Declaration of Helsinki. The
parents read an information sheet and electronically signed the consent form before their
participation. Every participant received a debriefing at the end of the questionnaire.

2.2. Participants

Forty-three parents [M(sd) = 54.8(10.2) years] of an adult son/daughter with ASD
[M(sd) = 24.8(6) years] completed the online survey. Tables 1–3 summarize the sociodemo-
graphics of the son/daughter with ASD and their parents, respectively.
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Table 1. Characteristics of adults with ASD.

Variable N (%)

Sex
Male 33 (76.7%)

Female 10 (23.3%)

Severity of ASD symptomatology
High-functioning 18 (41.9%)
Low-functioning 25 (58.1%)

Comorbidity 1

Intellectual disability 32 (74.4%)
Language disorder 22 (51.2%)

Oppositional–defiant disorder 12 (27.9)
Obsessive–compulsive disorder 13 (30.2%)

Motor coordination disorder 6 (14%)
Learning disorder 13 (30.4%)

Epilepsy 6 (14%)
Attention deficit and Hyperactivities 16 (37.2%)

Behavioral disorders 17 (39.5%)
Depressive disorder 6 (14%)

Anxious disorder 18 (41.9%)
Psychotic disorder 5 (11.6%)

Hours spent using screen-based devices 2

(before the lockdown)
<2 h/day 25 (58.1%)
2–6 h/day 16 (37.2%)
>6 h/day 2 (4.7%)

Hours spent using screen-based devices
(during the lockdown) 2

<2 h/day 12 (27.9%)
2–6 h/day 21 (48.8%)
>6 h/day 10 (23.3%)

1 Parent-reported information. 2 Adult with ASD-reported information.

Table 2. Parental characteristics.

Variable N (%)

Sex
Mother 35 (81.4%)
Father 8 (18.6%)

Marital status
Without a partner 15 (34.9%)

With a partner 28 (65.1%)

Educational level
Low (≤8 years of education) 9 (20.9%)

Intermediate (≤13 years of education) 22 (51.1%)
High (≥16 years of education) 12 (28%)

Employment status
Employed 23 (53.5%)

Not employed 20 (46.5%)

Health profession
Yes 6 (13.9%)
No 37 (86.1%)

Continuing to work at home
Yes 20 (46.5%)
No 23 (53.5%)
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Table 3. Parent-reported sociodemographic information regarding adults with ASD.

Variable N (%)

Sport activities practiced by son/daughter with ASD during the lockdown
Less than usual 5 (11.6%)

As usual 19 (44.2%)
More than usual 2 (4.7%)

Stopped practicing sport 9 (20.9%)
Never practices sport 8 (18.6%)

Medical therapy during the lockdown
Suspended 1 (2.3%)

As usual 19 (44.2%)
Increased 4 (9.3%)

Psychological therapy before the lockdown
Yes 12 (27.9%)
No 31 (72.1%)

ASD symptomatology trend during the lockdown
Enhanced 3 (7%)
As usual 19 (44.2%)

Worsened 21 (48.8%)

ASD behavioral problem trend during the lockdown
As usual 20 (46.5%)

Worsened 17 (39.5%)
Absent 6 (14%)

Hours per day using screen-based devices (before the lockdown) 1

<2 h/day 25 (58.1%)
2–6 h/day 16 (37.2%)
>6 h/day 2 (4.7%)

Hours per day spent using screen-based devices (during the lockdown) 1

<2 h/day 12 (27.9%)
2–6 h/day 21 (48.8%)
>6 h/day 10 (23.3%)

1 Parent-reported information.

2.3. Measure

Adherence to the sleep–wake routines. Two items [5,6,39] asked the parents to say how
much their adult children adhered to the sleep- (“Did your son/daughter adhere to sleep routines
during the lockdown?”) and wake- (“Did your son/daughter adhere to wake routines during the
lockdown?”) related routines. Response options ranged from 1 (“not at all”) to 5 (“very
much”), with high scores indicating higher adherence. An aggregate total score (r = 0.785;
p < 0.001) was calculated as the average of the two items with higher scores indicating
higher adherence.

Negative emotional states. Two questions [5,6,39] asked the parents to say how much
their adult son/daughter was anxious (“During the lockdown, how much do you think your
son/daughter was anxious?”) and angry (“During the lockdown, how much do you think your
son/daughter was angry?”) during the previous week corresponding to the lockdown period.
Response options ranged from 1 (“not at all”) to 5 (“very much”), with high scores indicating
higher levels of anxiety and anger/irritability.

Aggressive behaviors. Two questions [39] asked parents to report how often their
adult son/daughter show aggressive behavior toward him/herself (“Was your son/daughter
aggressive towards him/herself during the lockdown?”) and others (“Was your son/daughter
aggressive towards others during the lockdown?”). Response options ranged from 0 (“not
at all”) to 7 (“very much”), with high scores indicating higher aggressive problems. An
aggregate total score (r = 0.339; p = 0.026) was calculated as the average of the two items.

Behavioral problems. In order to explore behavioral problems in adults with ASD before
and during the lockdown, a total of 12 ad hoc questions were formulated. Specifically,
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six questions asked parents how often—before the lockdown—their adult son/daughter
showed a set of behavioral problems, such as: “How often did your son/daughter show
stereotyped behaviors before the lockdown?”, “How often did your son/daughter show aggressive
behaviors towards him/herself before the lockdown?”, “How often did your son/daughter show
aggressive behaviors towards others before the lockdown?”, “How often did your child show repetitive
behaviors before the lockdown?”, “How often did your child have difficulties in managing the
transition from one activity to another before the lockdown?”, “How often did your child show
hyper- or hyporeactivity to light/movement activity/touch material before the lockdown?”). A set
of six similar questions were formulated to asked parents how often their son/daughter
showed these behavioral problems during the lockdown. Response options ranged from 0
(“not at all”) to 7 (“very much”), with higher scores indicating greater behavioral problems.

2.4. Statistical Analyses

The statistical analyses were performed using SPSS version 25 (IBM Corporation,
Armonk, NY, USA) [40]. In order to examine the associations between variables, Spearman
rho correlations were carried out. Preliminary comparisons between behavioral problems
before and during lockdown due to COVID-19 were performed via Wilcoxon Z-tests.
Mediation models were performed using Process v3.0 (https://www.processmacro.org/
index.html, accessed on 10 June 2021), applying Model 4 and 5000 bootstraps inference for
model coefficients. In the mediation models, the predictor variable (x) was the adherence to
the sleep–wake routines, the outcome (y) was the aggressive behaviors, and the mediators
(M) were the anxious (Model 1) and angry (Model 2) emotional states.

3. Results
3.1. Preliminary Comparisons before and during the Lockdown

Regarding behavioral problems, the results of the comparison between before and
during the lockdown are summarized in Table 4. The findings showed an increase in
stereotypes and aggressive behaviors toward the self and others. Additionally, an increase
in ritualized patterns of behaviors and in the ability to manage the transition from one
activity to another were found. Specifically, parents reported that their adult son/daughter
showed more behavioral problems during the mandatory lockdown than before it.

Table 4. Comparison between before and during the lockdown in behavioral problems.

Behavioral Problems Before the Lockdown
M(sd)

During the Lockdown
M(sd) Z; p

Stereotypes 3.58(1.95) 4.40(2.28); Z = −3.470; p = 0.001
Aggressive behaviors toward the self 1.02(1.42); 1.65(2.21) Z = −3.130; p = 0.002

Aggressive behaviors toward the other 1.16(1.5); 1.67(2.32); Z = −2.279; p = 0.023
Ritualized behaviors 2.70(2.05) 3.67(2.51) Z = −3.963; p < 0.001

Transition from one activity to another 2.21(1.82) 2.81(2.36) Z = −2.746; p = 0.006

3.2. Main Analyses

Spearman’s rho correlations showed that adherence to the sleep–wake routines was
significantly and negatively related both to the adults’ aggressive behaviors (rho = −0.705;
p < 0.001) and their negative emotional states (anxiety: rho = −0.473; p = 0.001; anger:
rho = −0.438; p = 0.003). Furthermore, the adults’ anxiety and anger correlated with
aggressive behaviors (anxiety rho = 0.487; p = 0.001, anger rho = 0.638; p < 0.001).

The two mediation models were both significant (Model 1: F (1, 41) = 10.478, p < 0.001;
Model 2: F(1, 41) = 9.826, p = 0.003). In both models, the two total effects were significant.
Table 5 reports the effects.

https://www.processmacro.org/index.html
https://www.processmacro.org/index.html
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Table 5. Results of mediation Models 1 and Model 2.

Direct Effect Indirect Effect Total Effect

Model 1
Path: Adherence to sleep–wake routines→ Anxiety→ Aggressive Behaviors

β = −0.861 ** β = −0.274 ** β = −1.135 ***
Model 2

Path: Adherence to sleep–wake routines→ Anger→ Aggressive Behaviors
β = −0.700 ** β = −0.436 ** β = −1.135 ***

Note: * p < 0.05; ** p < 0.01; *** p < 0.001.

In both models, the direct paths between the adults’ adherence to the sleep–wake
routines and the aggressive behaviors were significant and negative, indicating that a low
adherence to the sleep–wake routines led to externalizing more aggressive behaviors toward
the self and others. The adults’ adherence to the sleep–wake routines were significantly
and negatively related to the negative emotional states of anxiety and anger, which, in turn,
were significantly and positively associated with aggressive behaviors. Figures 1 and 2
report the regression coefficients and bootstrap intervals of confidence.
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Since the design of the present study is cross-sectional, two alternative reverse models
were carried out (Model 3 and 4), in which anxiety and anger were considered as inde-
pendent variables, the aggressive behaviors as the mediator, and the adherence to the
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sleep–wake routines as the dependent variable. The two mediation models were both
significant (Model 3: F (1, 41) = 16.124, p < 0.001; Model 4: F(1, 41) = 37.800, p < 0.001) and in
both models, the two total effects were significant. Table 6 reports the effects.

Table 6. Results of mediation Models 3 and Model 4.

Direct Effect Indirect Effect Total Effect

Model 3
Path: Anxiety→ Aggressive Behaviors→ Adherence to sleep–wake routines
β = −0.034 β = −0.401 ** β = −0.389 **

Model 4
Path: Anger→ Aggressive Behaviors→ Adherence to sleep–wake routines
β = −0.180 β = −0.270 ** β = −0.449 **

Note: * p < 0.05; ** p < 0.01; *** p < 0.001.

In both models, the direct paths between the adults’ negative emotional states, anxiety
and anger, and the adherence to the sleep–wake routines were not significant, whereas the
two indirect effects were. Figures 3 and 4 report the regression coefficients and bootstrap
intervals of confidence. In both models, the adults’ anxiety and anger emotional states
were significantly and positively related to the aggressive behaviors, which, in turn, were
significantly and negatively associated with adults’ adherence to the sleep–wake routines.
Figures 3 and 4 report the regression coefficients and bootstrap intervals of confidence.
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4. Discussion

A recent systematic review [4] on symptoms worsening in individuals with mental
health disabilities related to the COVID-19 sanitary emergency emphasized the paucity of
the research on this topic. Thus, our study aimed to extend the knowledge regarding the
impact of the lockdown due to COVID-19 on adults with ASD. To be specific, it sought to
evaluate the psychological outcomes of individuals with ASD during the first phase of the
mandatory lockdown in Italy. To the best of our knowledge, this is the first study addressing
the impact of the disruption of the adherence to the sleep–wake routines disruption on
aggressive behaviors via the mediation role of the negative emotional states in adults.

Our study investigated problem behaviors in adults with ASD, before and during
the first lockdown, as reported by parents. In this vein, the results indicate that, during
the lockdown, adults with ASD showed more stereotypes, aggressive behaviors toward
self and others, ritualized patterns of behaviors, and more difficulty in transitioning from
one activity to the another. To date, no studies on adults with ASD have investigated
considering these same variables; nevertheless, similar results were found in children and
the adolescent population with ASD [39,41].

The main results of our study included the significant interplay between the adherence
to the sleep–wake routines, negative emotional states (anxiety and anger), and aggressive
behaviors in adults. Our work tested two mediation models (Model 1 and 2) and two alter-
native reverse models (Model 3 and 4). The findings regarding Model 1 and 2 showed that
poor adherence to the sleep–wake routines was associated with more aggressive behaviors
toward self and others, as well as with more anxiety and anger. Furthermore, experiencing
negative emotional states was positively associated with externalizing aggressive behaviors.
Regarding the reverse models (Model 3 and 4), when the aggressive behavior was used as
mediator on the relationship between emotional states and adherence to the sleep–wake
routines, the results showed significant indirect effects.

Specifically, regarding the relationships between the adherence to the sleep–wake
routines and aggressive behaviors (HP1), our results corroborated the hypothesized asso-
ciations as theorized in terms of the causal bidirectional link by Hollway and Aman [20].
Regarding the relationship between the adherence to the sleep–wake routines and negative
emotional states (HP2), our findings supported the hypothesis and then supported the
idea that poor and/or disrupted adherence to the sleep–wake routine leads to behavioral
problems, which appear as an additive burden on individuals with ASD behavioral ad-
justment [33,34]. Regarding our third hypothesis (HP3: effect of anxiety and anger on
aggressive behaviors), our findings confirmed the causality bidirectional relationship be-
tween these two variables suggested by others [35–37]. Albeit preliminarily, the findings
regarding the mediation models were promising, and they extended knowledge on this
relationship.

Regarding Model 3 and 4, in HP1 as well as in HP3 the reverse relationships were
significant. Specifically, the results showed that the aggressive behaviors externalized by
the adults with ASD predicted a disruption in the adherence to the sleep–wake routines
(HP1 reverse); furthermore, the negative emotional states experienced by the participants
predicted the aggressive behaviors (HP3 reverse). Finally, in HP2, the reverse models were
not significant. This means that the establishing and/or the maintenance of the adherence
to the sleep–wake routines lead the individuals with ASD to experience low levels of
anxiety and anger and to externalize less aggressive behaviors. It would be interesting to
further explore this reverse relationship in future research.

In sum, the disruption of the adherence to the sleep–wake routines because of the
COVID-19 lockdowns could reflect psychological distress experienced by adults with ASD
and their parents [42]. This distress could be related to the change in general routines
which, in turn, affected the sleep–wake patterns. Finally, these findings are supported
by other studies [16,29–31,33–38], which considered each independent relationship (e.g.,
adherence to the sleep–wake routine and aggressive behaviors; negative emotional states
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and aggressive behaviors) but not the interplay between them. Further studies on this topic
were required.

5. Limitation

The present study had several limitations. The research had a cross-sectional design;
therefore, any conclusion regarding causality cannot be considered. Based on this issue,
two models based on the associations found in the literature, and two alternative reverse
models were tested. All four models tested demonstrated the hypothesized relationships
among variables. Future research with a longitudinal design should disentangle the
causal link among the variables. The sample size was small and nonrandom, due to
the clinical population recruited during COVID-19 outbreak, and the data were parent-
reported. Although the sample size was consistent with other research including ASD
individuals [11], and the research supported the validity of the parents’ reports of their
adult children routines, future longitudinal studies as well as research devoted to attention
to the professionals’ perception are recommended to support the validity of our evidence.
Finally, the measures consisted in ad hoc and nonstandardized questions. Although they
were tested in previous research [5,6,39], further research is needed in this field. For
example, the questions regarding adherence to the sleep-wake routines can be developed
in a more detailed way to include specific behaviors that are involved in those routines.
This would allow creating a more reliable measure.

6. Conclusions

The impact of the lockdowns on the routines of individuals with ASD has been
inevitable. Our study demonstrated that the behavioral problems of adults with ASD wors-
ened during the mandatory lockdown due to COVID-19. Moreover, the mediation models
demonstrated the hypothesized relationships between the adherence to the adherence to
the sleep–wake routines, negative emotional states, and aggressive behaviors. The more
the lockdown resulted in a disruption of the routines, the more adults with ASD expressed
negative emotions and behavioral problems. The reverse models also demonstrated that
the higher the levels of anger and anxiety, the worse the behavioral problems and the
disruption of the routines.

This indicates there is a need to further evaluate this topic to define parent-coaching
programs and individuals’ intervention by adults. Our results give important insight into
how adults with ASD can be supported in the management of adherence to the sleep–wake
routines to mitigate the worsening of emotional states and aggressive behaviors during the
ongoing COVID-19 outbreak. This could also have a positive impact in the case of future
health crises or the familiar unforeseen (e.g., hospitalization or moves).

The results of the present investigation may inform interventions. Parent-coaching
programs and specific intervention for adults with ASD on how to manage sleep–wake
routines and their distress levels are pivotal. As suggested by Devnani and colleagues [43],
bedtime routines (e.g., sleep hygiene; relaxing sleep environment; low exposure to arousal
stimuli; low exposure to screen devices; respecting the sleep- and wake-up specific hour),
together with pharmacological interventions [44], are essential for individuals with ASD in
helping them to establish positive sleep patterns and improve daytime functioning. Those
behavioral interventions, based on bedtime routines, should also consider the role played
by distress and emotional arousal on the adherence to the sleep–wake routines. This could
have a related positive benefit on the management of behavioral problems.

Author Contributions: Conceptualization, S.P., F.L. and A.L.; methodology, S.P., F.L. and A.L.;
software, A.L.; formal analysis, A.L.; investigation, A.L., S.P., C.C., A.N., G.M., R.K. and F.L.; data
curation, A.L.; writing—original draft preparation, A.L.; writing—review and editing, A.L. and S.P.;
supervision, F.L.; project administration, F.L. All authors have read and agreed to the published
version of the manuscript.



Int. J. Environ. Res. Public Health 2022, 19, 4957 11 of 12

Funding: C.C. has been partially supported by grant-RC and the 5 × 1000 voluntary contributions,
Italian Ministry of Health. A.N. and G.M. have been partially supported by grant-RC 2.06 and the
5 × 1000 voluntary contributions, Italian Ministry of Health.

Institutional Review Board Statement: The study was conducted in accordance with the guide-
lines of the Declaration of Helsinki and the University Ethical Committee approved the research
(No. 53162).

Informed Consent Statement: Electronic informed consent was obtained from all subjects involved
in the study.

Data Availability Statement: Data are available from the first authors upon reasonable request.

Acknowledgments: The authors are extremely grateful to all the families who agreed to participate
in the research.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organization. Timeline of WHO’s Response to COVID-19. 2020. Available online: https://www.who.int/news/

item/29-06-2020-covidtimeline (accessed on 29 March 2021).
2. Petrocchi, S.; Iannello, P.; Ongaro, G.; Antonietti, A.; Pravettoni, G. The interplay between risk and protective factors during the

initial height of the COVID-19 crisis in Italy: The role of risk aversion and intolerance of ambiguity on distress. Curr. Psychol.
2021, 41, 437–448. [CrossRef]

3. Rajkumar, R.P. COVID-19 and mental health: A review of the existing literature. Asian J. Psychiatr. 2020, 52, 102066. [CrossRef]
4. Vindegaard, N.; Benros, M.E. COVID-19 pandemic and mental health consequences: Systematic review of the current evidence.

Brain Behav. Immun. 2020, 89, 531–542. [CrossRef]
5. Bianco, F.; Levante, A.; Petrocchi, S.; Lecciso, F.; Castelli, I. Maternal Psychological Distress and Children’s Internal-

izing/Externalizing Problems during the COVID-19 Pandemic: The Moderating Role Played by Hypermentalization.
Int. J. Env. Res. Public Health 2021, 18, 10450. [CrossRef]

6. Petrocchi, S.; Levante, A.; Bianco, F.; Castelli, I.; Lecciso, F. Maternal Distress/Coping and Children’s Adaptive Behaviors During
the COVID-19 Lockdown: Mediation Through Children’s Emotional Experience. Front. Public Health 2020, 8, 759. [CrossRef]

7. Brooks, S.K.; Webster, R.K.; Smith, L.E.; Woodland, L.; Wessely, S.; Greenberg, N.; Rubin, G.J. The psychological impact of
quarantine and how to reduce it: Rapid review of the evidence. Lancet 2020, 395, 912–920. [CrossRef]

8. Roehr, B. American Psychiatric Association explains DSM-5. BMJ 2013, 2013, 346. [CrossRef]
9. Baron-Cohen, S. The hyper-systemizing, assortative mating theory of autism. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 2006,

30, 865–872. [CrossRef]
10. Cohen, S.; Conduit, R.; Lockley, S.W.; Rajaratnam, S.M.; Cornish, K.M. The relationship between sleep and behavior in autism

spectrum disorder (ASD): A review. J. Neurodev. Disord. 2014, 6, 44. [CrossRef]
11. Stoppelbein, L.; Biasini, F.; Pennick, M.; Greening, L. Predicting Internalizing and Externalizing Symptoms Among Children

Diagnosed with an Autism Spectrum Disorder: The Role of Routines. J. Child Fam. Stud. 2016, 25, 251–261. [CrossRef]
12. Sivertsen, B.; Posserud, M.B.; Gillberg, C.; Lundervold, A.J.; Hysing, M. Sleep problems in children with autism spectrum

problems: A longitudinal population-based study. Autism 2012, 16, 139–150. [CrossRef]
13. Cortesi, F.; Giannotti, F.; Ivanenko, A.; Johnson, K. Sleep in children with autistic spectrum disorder. Sleep Med. 2010, 11, 659–664.

[CrossRef]
14. Baker, E.; Richdale, A.L. Sleep patterns in adults with a diagnosis of high-functioning autism spectrum disorder. Sleep 2015,

38, 1765–1774. [CrossRef]
15. Hoffman, C.D.; Sweeney, D.P.; Gilliam, J.E.; Apodaca, D.D.; Lopez-Wagner, M.C.; Castillo, M.M. Sleep Problems and Symptomol-

ogy in Children With Autism. Focus Autism Other Dev. Disabl. 2005, 20, 194–200. [CrossRef]
16. Malow, B.A.; Marzec, M.L.; McGrew, S.G.; Wang, L.; Henderson, L.M.; Stone, W.L. Characterizing sleep in children with autism

spectrum disorders: A multidimensional approach. Sleep 2006, 29, 1563–1571. [CrossRef]
17. Mazurek, M.O.; Petroski, G.F. Sleep problems in children with autism spectrum disorder: Examining the contributions of sensory

over-responsivity and anxiety. Sleep Med. 2015, 16, 270–279. [CrossRef]
18. Goldman, S.E.; Surdyka, K.; Cuevas, R.; Adkins, K.; Wang, L.; Malow, B.A. Defining the sleep phenotype in children with autism.

Dev. Neuropsychol. 2009, 34, 560–573. [CrossRef]
19. Hundley, R.J.; Shui, A.; Malow, B.A. Relationship Between Subtypes of Restricted and Repetitive Behaviors and Sleep Disturbance

in Autism Spectrum Disorder. J. Autism Dev. Disord. 2016, 46, 3448–3457. [CrossRef]
20. Hollway, J.A.; Aman, M.G. Sleep correlates of pervasive developmental disorders: A review of the literature. Res. Dev. Disabil.

2011, 32, 1399–1421. [CrossRef]
21. Tyagi, V.; Juneja, M.; Jain, R. Sleep Problems and Their Correlates in Children with Autism Spectrum Disorder: An Indian Study.

J. Autism Dev. Disord. 2019, 49, 1169–1181. [CrossRef]

https://www.who.int/news/item/29-06-2020-covidtimeline
https://www.who.int/news/item/29-06-2020-covidtimeline
http://doi.org/10.1007/s12144-021-01601-1
http://doi.org/10.1016/j.ajp.2020.102066
http://doi.org/10.1016/j.bbi.2020.05.048
http://doi.org/10.3390/ijerph181910450
http://doi.org/10.3389/fpubh.2020.587833
http://doi.org/10.1016/S0140-6736(20)30460-8
http://doi.org/10.1136/bmj.f3591
http://doi.org/10.1016/j.pnpbp.2006.01.010
http://doi.org/10.1186/1866-1955-6-44
http://doi.org/10.1007/s10826-015-0218-3
http://doi.org/10.1177/1362361311404255
http://doi.org/10.1016/j.sleep.2010.01.010
http://doi.org/10.5665/sleep.5160
http://doi.org/10.1177/10883576050200040101
http://doi.org/10.1093/sleep/29.12.1563
http://doi.org/10.1016/j.sleep.2014.11.006
http://doi.org/10.1080/87565640903133509
http://doi.org/10.1007/s10803-016-2884-4
http://doi.org/10.1016/j.ridd.2011.04.001
http://doi.org/10.1007/s10803-018-3820-6


Int. J. Environ. Res. Public Health 2022, 19, 4957 12 of 12

22. Hirata, I.; Mohri, I.; Kato-Nishimura, K.; Tachibana, M.; Kuwada, A.; Kagitani-Shimono, K.; Ohno, Y.; Ozono, K.; Taniike, M.
Sleep problems are more frequent and associated with problematic behaviors in preschoolers with autism spectrum disorder.
Res. Dev. Disabil. 2016, 49–50, 86–99. [CrossRef]

23. Mazurek, M.O.; Sohl, K. Sleep and Behavioral Problems in Children with Autism Spectrum Disorder. J. Autism Dev. Disord. 2016,
46, 1906–1915. [CrossRef]

24. Henderson, J.A.; Barry, T.D.; Bader, S.H.; Jordan, S.S. The relation among sleep, routines, and externalizing behavior in children
with an autism spectrum disorder. Res. Autism Spectr. Disord. 2011, 5, 758–767. [CrossRef]

25. Kang, Y.Q.; Song, X.R.; Wang, G.F.; Su, Y.Y.; Li, P.Y.; Zhang, X. Sleep Problems Influence Emotional/Behavioral Symptoms
and Repetitive Behavior in Preschool-Aged Children With Autism Spectrum Disorder in the Unique Social Context of China.
Front. Psychiatry 2020, 11, 273. [CrossRef]

26. Hill, A.P.; Zuckerman, K.E.; Hagen, A.D.; Kriz, D.J.; Duvall, S.W.; Van Santen, J.; Nigg, J.; Fair, D.; Fombonne, E. Aggres-
sive Behavior Problems in Children with Autism Spectrum Disorders: Prevalence and Correlates in a Large Clinical Sample.
Res. Autism Spectr. Disord. 2014, 8, 1121–1133. [CrossRef]

27. Farmer, C.; Butter, E.; Mazurek, M.O.; Cowan, C.; Lainhart, J.; Cook, E.H.; DeWitt, M.B.; Aman, M. Aggression in children with
autism spectrum disorders and a clinic-referred comparison group. Autism 2015, 19, 281–291. [CrossRef]

28. Kanne, S.M.; Mazurek, M.O. Aggression in children and adolescents with ASD: Prevalence and risk factors. J. Autism Dev. Disord.
2011, 41, 926–937. [CrossRef]

29. Matson, J.L.; Ancona, M.N.; Wilkins, J. Sleep disturbances in adults with autism spectrum disorders and severe intellectual
impairments. J. Ment. Health Res. Intellect. Disabil. 2008, 1, 129–139. [CrossRef]

30. Schreck, K.A.; Mulick, J.A.; Smith, A.F. Sleep problems as possible predictors of intensified symptoms of autism. Res. Dev. Disabil.
2004, 25, 57–66. [CrossRef]

31. Williams, P.G.; Sears, L.L.; Allard, A. Sleep problems in children with autism. J. Sleep Res. 2004, 13, 265–268. [CrossRef]
32. Kahn, M.; Sheppes, G.; Sadeh, A. Sleep and emotions: Bidirectional links and underlying mechanisms. Int. J. Psychophysiol. 2013,

89, 218–228. [CrossRef] [PubMed]
33. Schwichtenberg, A.J.; Young, G.S.; Hutman, T.; Iosif, A.M.; Sigman, M.; Rogers, S.J.; Ozonoff, S. Behavior and Sleep Problems in

Children With a Family History of Autism. Autism Res. 2013, 6, 169–176. [CrossRef] [PubMed]
34. Johnson, C.R.; Smith, T.; DeMand, A.; Lecavalier, L.; Evans, V.; Gurka, M.; Swiezy, N.; Bearss, K.; Scahill, L. Exploring sleep

quality of young children with autism spectrum disorder and disruptive behaviors. Sleep Med. 2018, 44, 61–66. [CrossRef]
35. Ambler, P.; Eidels, A.; Gregory, C. Anxiety and aggression in adolescents with autism spectrum disorders attending mainstream

schools. Res. Autism Spectr. Disord. 2015, 18, 97–109. [CrossRef]
36. White, S.; Ollendick, T.; Bray, B.C. College students on the autism spectrum: Prevalence and associated problems. Autism 2011,

15, 683–701. [CrossRef]
37. Gardner, F.L.; Moore, Z.E. Understanding clinical anger and violence: The anger avoidance model. Behav. Modif. 2008, 32, 897–912.

[CrossRef]
38. Kim, J.A.; Szatmari, P.; Bryson, S.E.; Streiner, D.L.; Wilson, F.J. The prevalence of anxiety and mood problems among children

with autism and Asperger syndrome. Autism 2000, 4, 117–132. [CrossRef]
39. Levante, A.; Petrocchi, S.; Bianco, F.; Castelli, I.; Colombi, C.; Keller, R.; Narzisi, A.; Masi, G.; Lecciso, F. Psychological Impact of

COVID-19 Outbreak on Families of Children with Autism Spectrum Disorder and Typically Developing Peers: An Online Survey.
Brain Sci. 2021, 11, 808. [CrossRef]

40. Wagner, W.E., III. Using IBM® SPSS® Statistics for Research Methods and Social Science Statistics; Sage Publications: Thousand
Oaks, CA, USA, 2019; Available online: https://books.google.com/books?hl=it&lr=&id=RA97DwAAQBAJ&oi=fnd&pg=PT9
&dq=IBM+Corp+IBM+SPSS+Statistics+for+Windows&ots=zfA4WSOjj9&sig=W0XDgOMD8LvjdXio_MXS-ZE2VY4 (accessed on
29 March 2021).

41. Colizzi, M.; Sironi, E.; Antonini, F.; Ciceri, M.L.; Bovo, C.; Zoccante, L. Psychosocial and Behavioral Impact of COVID-19 in
Autism Spectrum Disorder: An Online Parent Survey. Brain Sci. 2020, 10, 341. [CrossRef]

42. Bruni, O.; Breda, M.; Ferri, R.; Melegari, M.G. Changes in Sleep Patterns and Disorders in Children and Adolescents with
Attention Deficit Hyperactivity Disorders and Autism Spectrum Disorders during the COVID-19 Lockdown. Brain Sci. 2021,
11, 1139. [CrossRef]

43. Devnani, P.A.; Hegde, A.U. Autism and sleep disorders. J. Pediatr. Neurosci. 2015, 10, 304–307. [CrossRef] [PubMed]
44. Malow, B.; Adkins, K.W.; McGrew, S.G.; Wang, L.; Goldman, S.E.; Fawkes, D.; Burnette, C. Melatonin for sleep in children with

autism: A controlled trial examining dose, tolerability, and outcomes. J. Autism Dev. Disord. 2012, 42, 1729–1737. [CrossRef]
[PubMed]

http://doi.org/10.1016/j.ridd.2015.11.002
http://doi.org/10.1007/s10803-016-2723-7
http://doi.org/10.1016/j.rasd.2010.09.003
http://doi.org/10.3389/fpsyt.2020.00273
http://doi.org/10.1016/j.rasd.2014.05.006
http://doi.org/10.1177/1362361313518995
http://doi.org/10.1007/s10803-010-1118-4
http://doi.org/10.1080/19315860801988210
http://doi.org/10.1016/j.ridd.2003.04.007
http://doi.org/10.1111/j.1365-2869.2004.00405.x
http://doi.org/10.1016/j.ijpsycho.2013.05.010
http://www.ncbi.nlm.nih.gov/pubmed/23711996
http://doi.org/10.1002/aur.1278
http://www.ncbi.nlm.nih.gov/pubmed/23436793
http://doi.org/10.1016/j.sleep.2018.01.008
http://doi.org/10.1016/j.rasd.2015.07.005
http://doi.org/10.1177/1362361310393363
http://doi.org/10.1177/0145445508319282
http://doi.org/10.1177/1362361300004002002
http://doi.org/10.3390/brainsci11060808
https://books.google.com/books?hl=it&lr=&id=RA97DwAAQBAJ&oi=fnd&pg=PT9&dq=IBM+Corp+IBM+SPSS+Statistics+for+Windows&ots=zfA4WSOjj9&sig=W0XDgOMD8LvjdXio_MXS-ZE2VY4
https://books.google.com/books?hl=it&lr=&id=RA97DwAAQBAJ&oi=fnd&pg=PT9&dq=IBM+Corp+IBM+SPSS+Statistics+for+Windows&ots=zfA4WSOjj9&sig=W0XDgOMD8LvjdXio_MXS-ZE2VY4
http://doi.org/10.3390/brainsci10060341
http://doi.org/10.3390/brainsci11091139
http://doi.org/10.4103/1817-1745.174438
http://www.ncbi.nlm.nih.gov/pubmed/26962332
http://doi.org/10.1007/s10803-011-1418-3
http://www.ncbi.nlm.nih.gov/pubmed/22160300

	Background 
	ASD and the Disruption of Routines 
	The Interplay between Sleep–Wake Routines, Aggressive Behaviors, and Emotional States 

	Method 
	Design and Procedure 
	Participants 
	Measure 
	Statistical Analyses 

	Results 
	Preliminary Comparisons before and during the Lockdown 
	Main Analyses 

	Discussion 
	Limitation 
	Conclusions 
	References

